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1. INTRODUCTION 
Vitellogenins, the yolk precursor proteins, are 
synthesized in oviparous vertebrate liver, released 
into the bloodstream upon oestrogen stimulation 
and sequestered by developing oocytes after 
receptor-mediated endocytosis [I]. They are then 
proteolyzed into lipovitellins and phosvitins which 
are deposited into crystalline yolk platelets [2], 
before serving as a nutrient during embryogenesis. 
Developments processes are regulated by second 
messengers, among which Ca2+ have been shown 
to act through binding to a family of proteins, the 
prototype of which is calmodulin (review [3]). 
Calmodulin concentration of Xenopus oocyte 
cytosol was indeed shown to be high and to ap- 
proximately double upon progesterone-induced 
meiotic maturation [4]. Therefore, we identified 
the Ca’+-calmodulin-binding proteins of the full 
grown Xenopus oocyte and report that native 
lipovitellin 1 and lipovitellin 2 bind calmodulin in 
a Ca’+-dependent manner. Moreover, the isolated 
subu~ts of both lipovitellin 1 and 2 exhibit the 
same property. 
2. MATERIALS AND METHODS 
Yolk platelet proteins were prepared from 200 
full-grown Xenopus Iaevis oocytes, freed from 
follicular cells as in [5]. Oocytes were homogenized 
in 1.5 ml buffer A [O. 1 mM phenylmethylsulfonyl 
Calmodulin Vitellogenin 
fluoride (PMSF), 1 mM dithiothreitol (DTT), 
0.3 M sucrose, 10 mM 4-(2-hydroxyethyl)- 1piper- 
azine ethane sulfonate (Hepes) buffer, pH 7.41. 
The yolk pellet was sedimented at 250 x g for 
20 min and resuspended in 0.5 ml buffer A. 
2.1. Photoaffinity labeling technique 
A photoaffinity label for calmodulin binding 
proteins was synthesized, a carboxylic residue of 
calmodulin was substituted by nitro-azido-phenyl- 
ethylene diamine following ~rbod~~ide activa- 
tion (submitted). The azido derivative was 
iodinated using the iodogen technique [6]. The 
specific activity of the ‘251-labeled calmodulin 
derivative was 10’ cpm/pmol. The vitellus fraction 
(600,ug protein/sample) was incubated in 0.3 M 
sucrose, 10 mM Hepes buffer (PH 7.5) containing 
10 mM magnesium acetate, 150 ,uM CaClz and 
3.5 pg [‘251]azido-calmodulin. Controls contained 
5 mM EGTA instead of calcium or a large excess 
(400-fold) of unlabeled native calmodulin. After 
10 min reaction at room temperature, the samples 
were irradiated for 20 min at 4°C by using a 
350 nm UV lamp. The samples were then cen- 
trifuged for 5 min in the presence of a 5 mM 
EGTA, using a Beckman microfuge, in order to 
remove any unbound azido-cahnodulin derivative. 
The pellet was then washed twice with Hepes 
buffer (pH 7.5) supplements with EGTA (5 mM) 
prior to 0.1% SDS: 5-20% gradient poly- 
acrylamide gel electrophoresis. The gel was dried 
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and autoradiographed at - 70°C using an intensi- 
fying screen and Kodak Min-R film. 
2.2. Calmodulin gel overlay technique 
The calmodulin gel overlay technique was per- 
formed using the procedure in [7] modified as 
follows: The vitellus fraction (300/1g/lane) was 
subjected to 0.1% SDS : 5-20% polyacrylamide 
slab gel electrophoresis. The gel was washed in 
25% (v/v) isopropanol, 10% (v/v) acetic acid to 
remove SDS. The solution was changed 4 times in 
2 h. The gel was rinsed in distilled water and soak- 
ed for 30 min in a denaturing buffer (0.15 M 
NaCl, 20% (v/v) glycerol, 1 mM magnesium 
acetate, 1 mM dithiothreitol, 0.1 mM EDTA, 
0.1 mg/ml bovine serum albumin, 50 mM Tris 
(hydroxymethyl) aminomethane (Tris-HCl, pH 
7.5) supplemented with 6 M guanidinium chloride, 
to denature all proteins prior to the renaturation 
step. The gel was then continuously washed for at 
least 24 h in the above buffer without guanidinium 
chloride prior to equilibration for 12 h in buffer A 
(0.15 M NaCl, 1 mM magnesium acetate, 1 mM 
CaC12, 1 mM dithiothreitol, 0.1 mM EDTA, 
10 mg/ml bovine serum albumin, 50 mM 
Tris-HCI, pH 7.5). The gel was then soaked in 
buffer A containing ‘251-labeled calmodulin 
(240 nM, Iti-10’ cpm/pmol, 50 ml/slab) for 
24 h. Calmodulin was prepared from ram testes as 
in [8] and was iodinated using the iodogen techni- 
que [6]. Non-specifically bound calmodulin was 
removed by continuous washing for 24 h in buffer 
A or in buffer A containing EGTA (5 mM) instead 
of Ca2+. The gel was then dried and submitted to 
autoradiography. To determine &values two 
lanes were cut from the rest of the gel after elec- 
trophoresis and stained by the Coomassie blue 
technique. 
3. RESULTS AND DISCUSSION 
The binding of calmodulin to native lipovitellins 
was examined by using a photoaffinity labeling 
technique with radiolabeled azido-calmodulin. 
Yolk proteins were covalently crosslinked to the 
label by photolysis and separated according to size 
by SDS-polyacrylamide gel electrophoresis. 
Yolk lipovitellin dissociates into lipovitellin 1 
(LVi) with app. Mr 115000 and lipovitellin 2 (LV2) 
with app. M, 34000 (fig.lA). Both migrate either 
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Fig. 1. Covalent labeling by azido-calmodulin derivative. 
Densitometric measurements of Coomassie blue-stained 
gel (A) and autoradiograms of photoaffinity-labeled 
yolk platelet in the presence of Ca2+ (B) or controls in 
the presence of EGTA (C) or unmodified calmodulin 
(D); (v) LVI-calmodulin; (v) LVz-calmodulin. 
as an unresolved broad peak (LVi) or as several 
discrete species (LV2), indicative of molecular 
heterogeneity [9, lo]. When examined by 
autoradiography, the radioactivity pattern was 
strikingly different dependent on the presence or 
absence of Ca2+ or on the presence of an excess of 
unlabeled Ca2+-calmodulin. In all cases, the low- 
A4* part of the gel (< 30000) was obscured by the 
excess unreacted [1251]iodine-labeled azido- 
calmodulin. In contrast the high% part of the gel 
was free of label when the incubation was carried 
out in the absence of Ca2+ (fig.lB) or in the 
presence of excess unlabeled Ca’+--calmodulin 
(fig.lC). A major peak was observed with M, 
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- 135 000 after incubation in the presence of Ca2’, 
indicative of the Ca2+-dependent binding of 1 mol 
labeled calmodulin/LVr . 
A similar labeled peak was observed with migra- 
tion velocity corresponding to MI -50000, point- 
ing to a possible stoichiometric complex between 
labeled calmodulin and LVr. However, the experi- 
ment was not clearcut: 
(i) The peak was in fact a shoulder on the ascen- 
ding slope of the excess unreacted labeled 
calmodulin; 
(ii) A shoulder was also visible when the incuba- 
tion was done in the absence of Ca2+ or in the 
presence of excess unlabeled calmodulin, 
though at a somewhat different Mr. 
Such ambiguity in the calmodulin binding to 
LVr when examined by photoaffinity labeling, and 
the need to know whether Ca2+-dependent binding 
of calmodulin is only a property of native 
lipovitellin or is also observed with separated 
subunits and isoforms, prompted another ex- 
perimental approach which takes advantage of the 
gel overlay technique. 
Lipovitellins were separated by SDS- 
polyacrylamide gel electrophoresis into LVr on the 
one hand, and the 3 polypeptides of LV2, a, fl and 
y (fig.%). Denaturation was made complete by a 
guanidinium chloride treatment and lipovitellins 
were allowed to renature before incubation of the 
gel in the presence of [‘251]iodine-labeled cal- 
modulin and in the presence or in the absence of 
Ca2+. The radioautogram (fig.2) provides clear 
evidence for the Ca’+-dependent binding of label- 
ed calmodulin, not only to LVr, but also to the 3 
peptides of LV2. 
No difference was observed whether the above 
overlay experiment was carried out in control 
oocytes or after progesterone-induced meiotic 
maturation [4]. This report illustrates the use of 
two complementary techniques (gel overlay [7] and 
photoaffinity labeling [ 1 l]), in the identification of 
calmodulin target proteins. That each polypeptide 
chain of the lipovitellin family is capable of bind- 
ing calmodulin in a Ca2+-dependent manner ob- 
viously raises the question of the biological 
significance of the phenomenon. Taking into ac- 
count the vast amount of lipovitellin known to be 
present in the oocyte, a significant proportion of 
the total calmodulin concentration in the blocked 
oocyte (i.e., 40 pM [4]) is likely to be bound to the 
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Fig.2. Labeling of calmodulin target proteins from the 
vitellus fraction of Xenopus oocytes. Lanes l-4 
represent the autoradiogram of the gel; lanes 3,4 were 
washed in calcium; lanes 1,2 were washed with EGTA. 
The corresponding Coomassie blue-stained proteins are 
represented in lanes 5-7; lanes 5,6 represent he vitellus 
fraction; lane 7 the M, markers, phosphorylase, 
albumin, ovalbumin, carbonic anhydrase, trypsin 
inhibitor, cu-lactalbumin (97000, 67000, 43000, 20 100, 
14400, respectively). 
yolk proteins, provided PM free Ca2+ is present. 
This would in particular explain why injection of 
substoichiometric amounts of anti-calmodulin an- 
tibodies into oocytes was capable of altering the 
biological response to the hormone [5]. 
Lipovitellins are thereby conferred an unexpected 
function, the buffering of Ca’+-calmodulin upon 
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increase in the free Ca2+ concentration. Such buf- 
fering is of course highly asymmetrical, being max- 
imal in the vegetal hemisphere where yolk platelets 
are most dense. 
It is tempting to speculate that calmodulin is in- 
volved in the breakdown of yolk platelets during 
embryonic development. More likely, the precur- 
sor protein, vitellogenin, may also bind 
calmodulin, and it has been shown that calmodulin 
plays a role in receptor-mediated endocytosis [121, 
probably through binding to the ‘light chains’ of 
clathrin [13]. Whether the putative calmodulin 
binding to vitellogenin helps in the endocytotic 
process or in further steps of the organization of 
yolk proteins requires further investigation. If the 
above hypothesis were true, calmodulin-binding to 
lipovitellins should be found in oocytes from all 
oviparous vertebrates, fish and birds as well as 
amphibians. 
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